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Abstract
For health care providers to share computing resources and
medical application programs across different sites, those
applications must share a common medical vocabulary. To
construct a common vocabulary, researchers must have an
architecture that supports collaborative, networked devel-
opment. In this paper, we present a web-based server archi-
tecture for the collaborative development of a medical
vocabulary: a system that provides network services in sup-
port of medical applications that need a common, con-
trolled medical terminology. The server supports
vocabulary browsing and editing and can respond to direct
programmatic queries about vocabulary terms. We have
tested the programmatic query-response capability of the
vocabulary server with a medical application that deter-
mines when patients who have HIV infection may be eligi-
ble for certain clinical trials. Our emphasis in this paper is
not on the content of the vocabulary, but rather on the com-
munication protocol and the tools that enable collaborative
improvement of the vocabulary by any network-connected
user

1. A MEDICAL VOCABULARY SERVER

Computer-based medical applications make use of con-
trolled vocabularies to maintain consistent usage of terms.
Early computer-based patient record systems, such as the
Computer-Based Ambulatory Record (COSTAR) [1], The
Medical Record (TMR) [2], and the HELP system [3], cre-
ated their own controlled vocabularies independently to
serve local clinical needs. Simultaneously, a number of
standard medical terminologies became widespread, such
as the International Classification of Diseases (ICD-9-CM)
and Current Procedural Terminology (CPT). By the 1980's,
the proliferation of controlled medical vocabularies was
impeding progress in data and system integration, and in
response, the National Library of Medicine embarked on
the Unified Medical Language System (UMLS) project to
facilitate translation among vocabularies [4].

As health-care information management becomes
more automated, the demand for a sharable, controlled
medical vocabulary that adequately covers clinical content
and that can be integrated with other standard vocabularies
will increase. To meet this demand, we need to provide a
reliably maintained vocabulary as well as easy network
access into the vocabulary. In effect, we should build a

vocabulary server. The services that we envision providing
to the medical community include: (1) tools for building
and maintaining the vocabulary, (2) tools that allow users to
browse and search through the vocabulary and (3) a proto-
col for a direct programmatic interface into the vocabulary
for use by medical applications.

For a medical vocabulary to be widely accepted and
used, we believe it should be built collaboratively, and its
design should be driven by real application needs. Any
vocabulary service developed at a single location by a sin-
gle group of researchers will necessarily be biased toward
the needs and the medical applications at that site. How-
ever, if an architecture is established that allows collabora-
tive development of the vocabulary and if network services
are provided that allow easy access to that vocabulary, then
we believe that the system would have a much greater like-
lihood of serving a wider range of health care needs.

Research on the collaborative development of shared
resources has been underway in our laboratory for a num-
ber of years as part of the Knowledge Sharing Technology
Project [5]. As part of this effort, we have developed a gen-
eral-purpose, web-based ontology server for editing and
browsing ontologies. Formally, an ontology is a partial
specification of a universe of discourse [6,7]; for our pur-
poses, a medical ontology is the set of terms and relation-
ships that comprise a model of medical concepts. In this
paper, we describe our first-generation implementation of
the ontology server and our use of this server as a prototype
for a medical vocabulary server. By storing our medical
vocabularies as ontologies and by using the existing ontol-
ogy server, we can focus on issues of collaborative content
development and application-server interactions, rather
than low-level implementation problems.

Figure 1 shows a schematic view of our approach.
The right-most box depicts the general-purpose ontology
server, with the medical vocabulary shown as one ontology
within the library of ontologies. The ontology server uses
the world-wide web communication standard of the hyper-
text transfer protocol (HTTP); this choice aims to reach the
widest possible audience of users. Any user familiar with
common web-browsing tools such as NetScape Naviga-
torTi or NCSA Mosaic can either browse through a vocab-
ulary, or can build and maintain a vocabulary. In addition to
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Figure 1. A schematic view of interactions with the ontology server. The server can process
either direct queries for information from applications by means of the generic frame protocol (GFP),
or page requests from web-browsing tools such as Mosaic and Netscape.

editing and browsing services, we also provide a direct,
programmatic interface to the information in a vocabulary.
The ontology server supplies this service by responding to
direct queries according to the genericframe protocol [8], a
portable interface for querying knowledge bases.

In addition to describing our longer-term goals for the
design of a medical vocabulary server, we also include in
this paper a concrete example of server-client interaction
with a medical application, the T-HELPER system. This
example application demonstrates the need for a direct pro-
grammatic interface with a server.

2. THE T-HELPER APPLICATION

The T-HELPER medical application is an outpatient com-
puter-based record system for patients with human
immunodeficiency virus (HIV) infection [9]. It includes a
decision-support system that encourages enrollment of
patients in clinical trials and that assists clinicians with pro-
tocol-based therapy. The system is currently installed and
undergoing evaluation at two local county-operated AIDS
clinics.

To enroll a patient in a clinical trial, the T-HELPER
system must compare patient data with the eligibility crite-
ria associated with that clinical trial. Typically, a clinical
trial has between 15 and 50 criteria for determining eligibil-
ity. Many of these criteria have to do with laboratory-test
results and the patient's history of medication. An example
of an eligibility criterion is "The patient may not be cur-
rently undergoing treatment with an antiretroviral drug." To
test for this type of criterion, T-HELPER must be able to
classify drugs and determine whether or not a given drug is
an "antiretroviral" drug. Before the vocabulary server was
available, the system simply included a large classification
tree of all the drugs that are (or might be) mentioned in a

therapy trial. To assess eligibility for a particular patient,
the system retrieved that patient's medication information
from a patient database and compared this information to
the descriptions in the eligibility criteria. If the patient's list
of current medications included zidovudine, it would find
that zidovudine is a type of antiretroviral drug and would
conclude that the patient is ineligible for this clinical trial.

Thus, without a vocabulary server, the T-HELPER sys-
tem must include a locally maintained vocabulary hierar-
chy. To be used effectively for eligibility determination, this
vocabulary must cover (1) all vocabulary terms used by
authors of clinical trials and (2) all drug names used in the
clinic patient databases. As one might imagine, keeping this
drug list up-to-date is an on-going and daunting task, espe-
cially as experimental trials and drug names change over
time. The current vocabulary contains just over 1000 drug
classifications.

A better approach would be for the eligibility determi-
nation program to query and retrieve information from an
authenticated, up-to-date medical vocabulary server. While
this does not solve any of the difficult issues of vocabulary
coverage and maintenance, it would allow T-HELPER pro-
grammers to delegate these problems to a separate vocabu-
lary service. Additionally, the vocabulary content (the drug
names) would then be available to other medical applica-
tions. Therefore, the cost of building and maintaining the
drug vocabulary could be amortized across all applications
that use that vocabulary.

3. THE ONTOLOGY SERVER

The ontology server shown in Figure 1 has been developed
as part of the Knowledge Sharing Technology Project, a
general research effort to support knowledge sharing and
reuse. The server, its ontology library and its ontology
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editor can be used by anyone with a web-browsing tool by
connecting to the location (URL):

http.//www-ksl-svc. stanford.edu:5915/
This server can respond to queries for vocabulary

information, exactly as needed by the T-HELPER applica-
tion. In addition to supporting T-HELPER's vocabulary
needs, the Knowledge Sharing Technology Project also
provides tools that enable us to work toward our longer-
term goal: the collaborative development of a centralized
medical vocabulary. In the next three subsections, we
describe features of the ontology server that support distrib-
uted, collaborative development of consensus ontologies.

The Ontolingua Knowledge-Representation Language
Just as it is convenient for a programmer to use a language
specifically designed for the programming task at hand, the
ontology server uses a language specifically designed for
representing sharable ontologies: Ontolingua. This lan-
guage is built up from the Knowledge Interchange Format
(KIF) [10], a language designed for knowledge sharing
with a foundation in formal set theory and logic. Ontolin-
gua is a relatively rich, expressive language, and this design
allows Ontolingua to be compatible with a number of dif-
ferent knowledge representation formalisms. The Knowl-
edge Sharing Technology Project currently supports
translation from Ontolingua into a number of different lan-
guages, including CLIPS, Loom, and the interface defini-
tion language (IDL) for CORBA.

Inevitably, legacy and local medical vocabularies will
exist at different locations. A medical vocabulary server

should therefore include services that assist with transla-
tion into and out of different vocabulary systems. Ideally,
translation capabilities include both the ability to translate
across syntax, for example, from Ontolingua to CLIPS, and
also the ability to translate the semantics of a medical con-

cept from a legacy vocabulary system into the appropriate
term in a shared, common vocabulary. Ultimately, some of
the translation costs must be born by the local, legacy sys-

tems. However, the vocabulary server should provide sup-

port for local translation projects. As a first step, it is
important that the server representation language be one

that is compatible with a variety of different formalisms.
For this reason, we believe that the knowledge-sharing
design principles of Ontolingua make it an appropriate for-
malism for a medical vocabulary server.

Browsing and Editing with the Server
With the ontology server, both browsing and editing capa-

bilities are implemented with standard HTML pages and
forms. This provides an important advantage to users:

Browsing and editing can be performed in a platform-inde-
pendent way, using standard web browsers such as

Netscape or Mosaic. By making the vocabulary available to
a wide set of users, we hope to encourage the type of col-

Figure 2. A small portion of the T-HELPER
drug list as stored in the ontology server and viewed
with Netscape.

laborative development that is essential for the construction
of a useful medical vocabulary. Thus, it is imperative that
tools for vocabulary editing be platform independent,
allowing researchers at different sites with different com-

puting environments to contribute to vocabulary develop-
ment.

The ontology server supports several ways to browse
and search through a vocabulary: Figure 2 shows one exam-

ple of a browsing view. Each drug name is a link to a page

with information about that drug, such as definitions and
other attributes that the vocabulary developer may have
provided. Additionally, with the same web-browsing tool,
users can change and augment information in the vocabu-
lary by filling out and submitting hypertext forms that are

generated by the server. For the development of a consen-

sus medical vocabulary, there will be many vocabulary
maintainers. Thus, an important capability of the ontology
server is the support of distributed, parallel editing sessions.
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Figure 3. The interaction between T-HELPER
and the vocabulary server. In this case, the query
might be "Is zidovudine an antiretroviral drug?"

The ontology server supports such sessions: All clients
attached to a shared session can work with the same ontol-
ogy, and all modifications are logged and broadcast to all
those connected to that session. This capability makes it
easier for health-care collaborators at disparate locations to
work together on vocabulary construction and maintenance.

Programmatic Interaction with the Server

As exemplified by the T-HELPER system, many applications
would benefit from a programmatic interface to a medical
vocabulary server. Our ontology server provides this ser-
vice using GFP, the generic frame protocol [8]. This proto-
col is an application program interface for accessing and
manipulating frame-oriented knowledge bases. GFP
includes two types of operators: ones for retrieving infor-
mation, and ones for modifying the information in the
knowledge base. The modifying operators were not needed
for the T-HELPER application, but they would be important
for any application used for vocabulary maintenance.

As we discussed in Section 2, for T-HELPER to deter-
mine the eligibility of a patient for a clinical trial, it needs
to know if one drug is a "kind-of' another drug. T-HELPER
originally answered this type of question by querying its
locally-maintained drug hierarchy. To connect T-HELPER to
the vocabulary server, we simply added code that connects
to the server, and then applies the appropriate GFP retrieval
operator. Figure 3 shows the interaction between T-HELPER
and the ontology server. The server can respond to pro-
grammatic queries from applications concurrently with
vocabulary maintenance activities and the editing and
browsing operations described earlier.

The generic frame protocol is a pre-enumerated set of
operators. Although this set covers a wide range of queries,
it is not sufficient to answer all types of queries efficiently.
For example, if the vocabulary includes a hierarchy of dis-
eases, one might want to query for "the names of the dis-

eases that are located in the kidney." To answer this type of
query, the system would have to scan all descendants of the
"disease" class (presumably a very large number of
classes), and return those that have the value "kidney" for
the attribute "site-of-disease." Theoretically, this could be
answered by using many separate GFP queries, but this
would be inefficient compared to sending the entire query
to the server as a single transaction. Fortunately, the ontol-
ogy server also includes the ability to process a more gen-
eral type of query specified by an arbitrary boolean
combination of predicates with variables. Whether the
application programmer uses GFP queries or this more gen-
eral querying functionality, the details of the client-server
communication are hidden by the application program
interface.

4. DisCUSSION

Many researchers in medical informatics share the goal of
building an accessible medical vocabulary server. However,
because there are many different uses of such a server, we
believe it is important to focus first on a communication
protocol and an architecture for collaborative development,
rather than on issues of representational and content
choices. This approach is different from the work in devel-
oping the GALEN vocabulary server [11]. Although we
share many of its goals, GALEN includes a pre-defined
structure and framework in which all vocabulary develop-
ment must occur. In contrast, we plan to delay making any
representational committments for medical concepts until
we have a clear idea of the scope of uses of the medical
vocabulary server.

To help us make appropriate choices about vocabulary
structure and knowledge representation schemes, we should
first identify a set of medical applications that need specific
functionalities from the vocabulary server. Medical applica-
tions such as the T-HELPER system could be used both to
test different types of vocabulary organization and repre-
sentation and to test different protocols for client-server
interaction. By developing and disseminating a test set of
diverse medical applications, we can explore a wider vari-
ety of vocabulary server capabilities.

In this paper, we have proposed the ontology server as
an initial architecture for collaborative development of a
medical vocabulary, and a protocol for programmatically
interacting with that vocabulary. The key advantage of the
ontology server is that it can be used in a platform-indepen-
dent manner. With the ontology server, collaborative devel-
opment of a medical vocabulary can occur using standard
web-browsing tools such as Netscape or Mosaic. There are
no other installation procedures or software or hardware
requirements.

The small vocabulary of drug names used by
T-HELPER and installed in our current prototype is neither a
very rich knowledge representation, nor very complete in
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comparison to our long-term goals. Thus, the next issues
we plan to investigate are choices in representation and
structure for medical concepts, as well as issues of scale
when the vocabulary grows in size and scope.

Choices in representation will become important as
we attempt to provide vocabulary translation services. As
mentioned earlier, an important service to provide will be
the ability to understand legacy vocabularies at different
sites. We do not believe that a single, canonical medical
vocabulary can ever be built that satisfies the needs of every
local site. Instead, a vocabulary server should provide
mechanisms that assist with translation across vocabularies,
and the ability to download portions of a vocabulary to a
particular site. These requirements suggest that choices in
representation and structure should make as few constrain-
ing commitments as possible, since this will allow easier
translation across a wider scope of vocabularies.

As the vocabulary grows in size, there are a number of
scaling problems that must be overcome. In addition to
basic problems of storage space and response time, the
user-interface may need to be redesigned: An interface for
vocabulary browsing that works well with smaller vocabu-
laries (less than 1000 concepts) may be awkward and inap-
propriate for vocabularies that are orders of magnitude
larger in size. Also, response time for arbitrary queries
could become problematic as the vocabulary grows. Cur-
rently, there is little or no effort made to optimize queries.
Query response time may or may not be critical depending
on whether the medical application needs the vocabulary
information at run-time (such as the T-HELPER system) or
at design-time. In the latter case, an application could peri-
odically compile or cache the results of a query to the
vocabulary server. For such applications, query response
time is less important.

These problems must be faced before we can develop
a useful medical vocabulary and a server architecture for
providing access to that vocabulary. To date, we have
shown the feasibility of the ontology server as a prototype
medical vocabulary server. We have demonstrated this
capability by using the ontology server with the T-HELPER
system and a vocabulary of drugs. More important for our
long-term goals, the ontology server provides features
essential for collaborative development of a shared
resource: (1) Users can edit and browse in a platform-inde-
pendent way, by using standard web-browsing tools, and
(2) the information stored is programmatically available
with a general-purpose interface. By making this architec-
ture readily available to the widest audience possible, we
hope to encourage collaboration in our effort to construct a
medical vocabulary that serves a wide variety of health-care
applications and needs.
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